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(g) Computer controlled method of calibrating an X-Y shifter. 

(57) Calibration of an X-Y shifter is accomplished 
under the control of a microcomputer (28) 
which is programmed to perform a calibration 
routine each time the vehicle is shutdown. The 
routine causes the shifter's shift finger (10) to 
be moved into touching contact with the vari- 
ous inner wall surfaces (11F, 11R, 12F, 12R, 13F, 
13R, 11 X, 13X) of a plurality of shift blocks (11, 
12, 13) of the respective transmission shift rails 
(14a, 14b, 14c) from which a calibrated shift rail 
and neutral position are calculated. 
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Technical Field 

This invention relates to electrically actuated X- 
Y shifting mechanisms and more particularly to a 
computer controlled method of calibrating such a 
shifter. 

Background Art 

Electrically actuated X-Y shifting mechanisms 
for effecting change gear shifts in an automated 
mechanical transmissions are well known in the art 
Such mechanisms typically include a plurality of sub- 
stantially parallel, spaced-apart, axially movable shift 
rails each of which carry a shift fork which is associ- 
ated with a positive clutch mechanism for selectively 
engaging or disengaging a first or second gear to a 
shaft. Typically shifting of the transmission is accom- 
plished by selecting a shift rail by moving a shift fin- 
ger axially or pivotal ly along an X-X axis into align- 
ment with a shift block carried by the selected shift 
rail. Then the selected shift rail is axially moved to 
shift gears by axially moving or pivoting the shift fin- 
ger to apply a force to the shift block in the direction 
of an axis Y-Y transverse to axis X-X. The shift finger 
is driven by electric motors, under the control of suit- 
able electrical circuitry, See for example, U.S. Patent 
4,873,8811, assigned to the assignee of the present 
invention, and hereby incorporated herein by refer- 
ence. Such devices require calibration in order to in- 
sure that operation of the mechanism under software 
control produces accurate shifts. The calibration 
generally includes precise location of at least three 
rail positions and a neutral position. These positions 
are usually determined through a manual calibration 
procedure at the factory at the time of assembly 
which requires special equipment and detailed knowl- 
edge of the device. Moreover, temperature, compo- 
nent wear, and installation tolerances may cause the 
original calibration values to change over time. It is 
therefore desirable that these calibration values be 
updated periodically to insure optimal operation of 
the shifter. 

Summary of the Invention 

In accordance with the present invention the 
problems associated with manual calibration are ob- 
viated by an automatic, tactile calibration method 
which insures maximum accuracy and performance 
over the life of the X-Y shifter. 

More specifically, calibration of the X-Y shifter is 
accomplished under the control of an electronic con- 
trol unit or microcomputer which is programmed to 
perform a calibration routine each time the vehicle is 
shutdown. The routine causes the shifter's shift fin- 
ger to be moved into touching contact with the various 
inner wall surfaces of the shift blocks of the respec- 
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tive transmission shift rails and to calculate from the 
various limit or stop positions of the f inger, the loca- 
tion of the X-X axis position of the shift rails and the 
Y-Y axis neutral position. 

5 . To locate the rail positions, the shift finger is driv- 
en, by an electric motor under the control of the mi- 
crocomputer, to opposite ends of it's travel in the X- 
X direction in the shift blocks to find the X-X direction 
inner wall limits. Then, for a three rail transmission, 

10 the calibrated center rail position is the average of the 
values of the two X-X direction limits. The calibrated 
position value for the two side rails is a known fixed 
distance on opposite sides of the calibrated center rail 
position. 

is To calibrate the neutral position of the shifter 

along the Y-Y axis, the shift finger is moved from the 
old or presently stored neutral position, forward and 
rearward along the Y-Y axis at each rail position into 
touching contact with the inner wall surfaces of each 

20 of the shift blocks. The calibrated neutral position val- 
ue is then determined by averaging the forward direc- 
tion position and the rearward direction position 
which are closest together. 

25 Brief Description of the Drawings 

A more complete understanding of the present in- 
vention may be had from the following detailed de- 
scription which should be read in conjunction with the 

30 drawings in which, 

Figure 1 is a schematic perspective view of a por- 
tion of an X-Y shifter showing the shift rails and the 
shift blocks as well as a block diagram of the control 
system for positioning the shift finger of the shifter. 

35 Figure 2 is a cross sectional representation of the 

shift blocks. 

Figures 3a-3g is a flow chart of the calibration 
method of the present invention. 

Figure 4 is a flow chart of the position stop check 
40 approach used in the calibration method of the pres- 
ent invention. 

Figure 5 is a flow chart of the motor current con- 
trol used in the calibration method of the present in- 
vention. 

45 

Detailed Description of Preferred Embodiment 

Referring now to the drawings and initially to Fig- 
ure 1 , portions of an X-Y shifter such as disclosed in 

so the aforementioned patent are shown and includes a 
shift finger 10 which is adapted to selectively contact 
the innerwalls of shift blocks 11,12, and 13. The shift 
blocks 11, 12, and 13 are respectively mounted on 
shift rails 14a, 14b, and 14c each of which has a de- 

55 tent position determined by detent mechanisms gen- 
erally designated 16a, 16b, and 16c respectively. The 
finger 1 0 is coupled through appropriate mechanisms 
(not shown) to motors 18 and 20 which are adapted 
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to move the finger in the X-X and Y-Y directions re- 
spectively, as explained in the aforementioned pa- 
tent Alternatively, a single motor and appropriate 
clutch and drive mechanisms may be used to selec- 
tively move the finger along the X-X and Y-Y axes as 
explained in the aforementioned patent. 

The motors 1 8 and 20 are supplied with a variable 
duty cycle pulse width modulated (PvVM) voltage 
through steering logic 24 and 26 under control of a mi- 
crocomputer 28. The supplied voltage produces a 
current at the motors 18 and 20 which is measured 
and filtered at 30 and 32 respectively, and converted 
to a digital value by analog to digital converter 34 and 
input to the microcomputer 28. The microcomputer is 
programmed to compare the measured current with 
a desired current and any deviation or error in the 
measured current is corrected by varying the duty cy- 
cle to correct the error. The position of the finger 10 
along the X-X and Y-Y axes is sensed by potentiom- 
eters 36 and 38 respectively, filtered at 40 and 42 re- 
spectively, converted to digital values and input to the 
microcomputer 28. The potentiometers 36 and 38 
provide an output of from 0-5 volts over the range of 
shift finger movement The output of the potentiom- 
eters is converted to binary words having a digital val- 
ue of from 0-1023 digital counts. Preferably the range 
of readout along the X-X axis has a value of approx- 
imately 250-750 digital counts and along the Y-Y axis 
of approximately 300-700 digital counts. 

The microcomputer 28 through the steering logic 
24 and 26 controls the direction of motor rotation and 
through duty cycle variation controls the output tor- 
que and speed of the motors. Closed loop control of 
the current supplied to the motor as well as closed 
loop control of the position of the shift finger 10, per- 
mit the finger to be driven into touching contact with 
the inner walls of the blocks 11-13 with sufficient 
force to take up any backlash but without doing any 
damage to the finger, while also insuring that the de- 
tents 16a-16c are not overcome during the calibration 
process. 

Referring now to Figures 2 and 3a-3g the proce- 
dure for calibrating the rail and neutral position of a 
three rail X-Y shifter is illustrated. The steps in the 
flowchart in Figure 3 are indicated by numerals within 
angle brackets. The shifter provides gear selection 
for a transmission having 1st and Reverse gears se- 
lectable along shift rail 14c; 2nd and 3rd gears select- 
able along shift rail 14b; and 4th and 5th gears se- 
' lectable along the shift rail 14a. It will be appreciated 
however that the calibration method is also applica- 
ble to transmissions with other gear combinations us- 
ing a greater number of shift rails and associated shift 
blocks. 

To calibrate the locations or positions of the rails 
14a- 14c, and their associated neutral positions, a 
"touch-touch" technique is employed. The calibration 
program of the microcomputer 28 is entered each 



time the vehicle is shutdown and initially <50,52> 
causes the finger 1 0 to be "pulled" i. e. moved at a rel- 
atively high speed from the position at shutdown to 
the currently stored 4/5 neutral position along the rail 
5 14a. The motor 18 then moves the finger 10 at a rel- 
atively low speed <54> until the output of the poten- 
tiometer 36 indicates that the f inger has stopped due 
to contact with the inner wall 11X <56> of the block 
11 and this position bit value is stored in the micro- 
10 computer memory <58>. The finger 1 0 is then pulled 
to the 1/R neutral position <60,62> and thereafter 
moved at the low speed into contact with the inner 
wall 13X <64,66> of the block 13 and the bit value of 
this position is stored <68> in the memory of micro- 
is computer 28. From these bit values, a calibration pos- 
ition value for rail 14b midway between the 11X and 
1 3X positions is computed. The calibration position of 
the rails 14a and 14c may then be assigned a bit val- 
ue which is a predetermined number of bits less than 
20 (in the case of rail 14a) and greater than (in the case 
of rail 14c) the bit value of the rail 14b. The calibrated 
positions of the rails 14a-14c are then stored in the 
computer memory <70>. 

Neutral position calibration is accomplished by 
25 using the "touch-touch" technique from the present 
neutral position of each rail as stored in the computer 
memory. The finger 10 is first pulled by the motor 18 
to the current 1/R neutral position <72,74>. There- 
after the motor 20 is activated to move the finger 10 
30 at a low speed along the Y-Y axis into contact with the 
inner wall 13F <76,78>. If the bit value of the finger 
position is less than the value currently stored in 
computer memory <80>, t he current value is updated 
i.e. replaced with the new value <82>, the direction 
35 of rotation of the motor 20 is reversed and the finger 
is pulled to the 1/RN position <B4,86>. Thereafter the 
finger is moved at a low speed into contact with the 
inner wall 1 3R <99>. If the bit value of the finger pos- 
ition is greater than the current value stored in com- 
40 puter memory, the new value is stored <92,94>and 
thef inger is pulled back to the 1/RN position <96,98>. 
Thus, two new bit values of positions 1 3R and 1 3F are 
found and updated. 

The motor 1 8 is then energized to pull the finger 
45 10 to the neutral position of the rail 14b i.e. 2/3N 
<100,102>. From the 2/3N position the procedure fol- 
lowed in locating the inner walls 13F and 13R is re- 
peated to locate the positions of the inner walls 12F 
and 12R <1 04-1 22>. After updating as necessary the 
50 bit values of these two positions, the finger is pulled 
back to the 2/3N position by the motor 20 <124,126>. 
Finally, the finger is pulled to the 4/5N position 
< 128,1 30> and the procedure previously described is 
followed to locate the inner walls 11 F and 11R and 
55 store their respective bit values <132-148>. The fin- 
ger 1 0 is then moved back to the neutral position 4/5N 
of the rail 14a <150,152>. 

The computer 28 calculates and stores <154> the 
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calibrated neutral position by averaging the minimum 
of the bit values for the finger at positions 11F-13F 
with the maximum of the bit values for the finger at 
positions 11R-13R. These two values represent the 
forward and rearward inner walls which are closest to- 5 
gether. For example, if the bit values for the inner 
walls 1 1 F, 12F and 1 3F are respectively 530, 542 and 
538; and the values for the inner walls 11R, 12R, and 
1 3R are respectively 480, 492 and 488 then the read- 
ings for the inner walls 11F and 12R are averaged to 10 
arrive at a calibrated neutral position of 511 digital 
counts. 

A flow chart of the finger 10 position stop check 
is shown in Figure 4. The potentiometer is read <1 60> 
and the value is summed <162> with the previous 15 
three readings, tf the absolute value of the latest sum 
of the readings minus the value of the previous sum 
of the readings is less than a predetermined value 
<164> then a counter is incremented <166>, other- 
wise the counter is reset <168> and a new reading 20 
from the potentiometer is taken in due course. When 
the counter reaches a predetermined value of for ex- 
ample 5 then the finger is assumed to be in contact 
with one of the inner walls of the blocks 11,12,13 as 
indicated at <170,172>, otherwise a new reading is 25 
taken. Thus, five consecutive potentiometer readings 
showing no change or only small changes from the 
previous readings are interpreted as contact of the 
f inger 10 with an inner wall. 

A flow chart of the current control loop is shown 30 
in Figure 5. The motor is energized with a variable 
duty cycle pulse width modulated voltage <180> and 
the magnitude of the current is read <182>. If the cur- 
rent does not equal a target current <184> the duty 
cycle is adjusted <186> to reduce the current error. 35 

While the best mode for carrying out the inven- 
tion has been described in detail, those familiar with 
the art to which this invention relates will recognize 
various alternative designs and embodiments for 
practicing the invention as defined by the following 40 
claims. 



Claims 



45 



1. A computer controlled method of calibrating the 
neutral position of an electrically actuable X-Y 
shifting mechanism (10, 11, 12, 13) for a trans- 
mission, said shifting mechanism including a 
plurality of shift rails (14a, 14b, 14c) each having so 
a shift block (11, 12, 13) associated therewith, a 
shift finger movable (10) left and right in an X-X 
direction for selecting one of said shift rails and 
movable in the Y-Y direction substantially trans- 
verse to said X-X direction for contacting forward 55 
and rearward inner wall surfaces (11F, 11R, 12F, 
12R, 13F, 13R) of the shift block associated with 
the selected shift rail, motor means (18, 20) for 



moving said shift finger, said method comprising: 

(a) applying control signals (50, 54, 60, 64, 72, 
76, 84, 88, 96, 100, 104, 112, 116, 124, 128, 
132, 140, 144, 152) to said motor means to 
move said shift finger to the current neutral 
position of each rail in a predetermined se- 
quence and while at each neutral position to 
move said shift finger forward and rearward 
from the neutral position until the forward 
and rearward inner wall surfaces of each of 
the shift blocks is touched; 

(b) storing the shift finger positions (58, 68, 
82, 94, 110, 122, 138, 150) when touching the 
inner wall surfaces specified in step (a); and 

(c) calculating (156) a new neutral position of 
said rails by averaging the forward direction 
position of said shift finger in step (a) and the 
rearward direction position of said shift finger 
in step (a) which are closest together. 

2. The method of claim 1 wherein the shift finger 
positions of step (b) are stored (58, 68, 82, 94, 
110, 122, 138, 150) only if the position sensed in 
the forward direction is less than the previously 
stored position or the position sensed in the rear- 
ward direction is greater than the previously stor- 
ed position (56. 66, 80, 92, 108, 120, 136, 148). 

3. The method of claim 2 wherein the control signal 
applied in step (a) causes the shift finger (10) to 
be moved at a relatively high speed to and be- 
tween said current neutral positions and at a rel- 
atively low speed from said neutral positions to 
positions touching said inner walls. 

4. A computer controlled method of calibrating an 
electrically actuable X-Y shifting mechanism for 
a transmission, said shifting mechanism includ- 
ing a plurality of shift rails (14a, 14b, 14c) each 
having a shift block (11, 12, 13) associated there- 
with, a shift finger (10) movable left and right in 
an X-X direction for selecting one of said shift 
rails and movable in the Y-Y direction substan- 
tially transverse to said X-X direction for contact- 
ing forward and rearward inner wall surfaces 
(11F, 11R, 12F, 12R, 13F, 13R) of the shift block 
associated with the selected shift rail, motor 
means (18, 20) for moving said shift finger, said 
method comprising: 

(a) applying control signals (54, 64) to said 
motor means (18) while said shift finger is in 
a neutral position, to move said shift lever 
means into contact with said left and right in- 
ner wall surfaces (11X, 13X) in a predeter- 
mined sequence; 

(b) storing the shift finger position (58, 68) 
upon touching said left and right inner wall 
surfaces (11X, 13X); 
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(c) applying control signals to said motor 
means (18, 20) to move said shiftf ingerto the 
neutral position of each rail in a predeter- 
mined sequence (72, 84, 100, 112, 128, 140) 

and while at each neutral position (74, 86, 5 
102, 114, 130, 142) to move said shift finger 
forward and rearward from the neutral posi- 
tion until the forward and rearward inner wall 
surfaces of each of the shift blocks is touched 
(76, 88, 104, 116, 132, 144); 10 

(d) storing the shift finger positions (82, 94, 
110, 122, 138, 150) when touching the inner 
wall surfaces specified in step (c); 

(e) calculating the position of said plurality of 
shift rails (70) as a function of the positions 15 
stored in step(b) and the number of shift rails; 

and 

(f) calculating a value for the neutral position 
of said rails (156) by averaging the lowest for- 
ward direction position with the highest rear- 20 
ward direction position of the shift finger in 

step (c). 

5. The method of claim 4 wherein the shift finger 
positions of step (d) are stored only if the position 25 
sensed in the forward direction is less than the 
previously stored position or the position sensed 

in the rearward direction is greater than the pre- 
viously stored position (80, 92, 108, 120, 136, 
148). 30 

6. A computer controlled method of calibrating an 
electrically actuable X-Y shifting mechanism for 
a transmission, said shifting mechanism includ- 
ing an inner shift rail (14b), and f irst and second 35 
outer shift rails (14a, 14c) having respective in- 
ner, and first and second outer shift blocks (12, 

11, 13) associated therewith, a shift finger (10) 
movable left and right in an X-X direction for se- 
lecting one of said shift rails and movable in the 40 
Y-Y direction substantially transverse to said X- 
X direction for contacting and moving the shift 
block associated with the selected shift rail to ef- 
fect a change gear shift, said outer shift blocks 
having left and right inner wall surfaces (11X, 45 
13X), each block mechanism having fore and aft 
inner wall surfaces(11F, 11R, 12F, 12R, 13F, 
13R), motor means (18, 20) for moving said shift 
finger in said X-X and said Y-Y directions, sensor 
means (36, 38) for detecting the location of said 50 
shift finger (10), computer means (28) for moni- 
toring said sensor means and for providing con- 
trol signals to said motor means, said computer 
means including memory means storing data in- 
cluding data representing the select positions of 55 
said shift rails and the neutral positions for each 
rail, said method comprising: 

(a) applying control signals (54, 64) to said 



motor means (18), while said shift lever is in 
a neutral position, to move said shift lever 
means into contact with said left and right in- 
ner wall surfaces (11X, 13X) in a predeter- 
mined sequence; 

(b) recording the output of said sensor means 
(58, 68) upon contact with said left and right 
innerwall surfaces (11X, 13X); 

(c) applying control signals to said motor 
means (18, 20) to move said shiftf ingerto the 
neutral position of each rail in a predeter- 
mined sequence (72, 84, 100. 112, 128, 140) 
and while at each neutral position (74, 86, 
102, 114, 130, 142) to move said shift finger 
forward and rearward from the neutral posi- 
tion until the innerwall surfaces on the block 
mechanism associated with each of said rails 
is (76, 88, 104, 116, 132, 144) contacted; 

(d) recording data from said sensor means 
representing the location of said shift lever 
means (82, 94, 110, 122, 138, 150) upon con- 
tact with the inner wall surfaces specified in 
step (c); 

(e) calculating (70) the value of the position of 
said inner rail by averaging the values of the 
recordings of step (b), and calculating the 
position of the outer rails by offsetting the val- 
ue of the inner rail position by a predeter- 
mined amount; 

(f) calculating (156) a value for the neutral 
position of said rails by averaging the lowest 
value of the positions of the shift finger in the 
forward direction as recorded in step (d) with 
the highest value of the position of the shift 
finger in the rearward direction as recorded in 
step (d); and 

(g) recording (70, 156) the calculated values 
of steps (e) and (f) for use in subsequent pos- 
itioning of the shift finger (10). 

7. The method of claim 6 wherein the data is record- 
ed in step (d) only if the data sensed in the for- 
ward direction is less than the value of the cor- 
responding previously stored data (80, 108, 136) 
or the value of the data sensed in the rearward 
direction is greater than the value of the corre- 
sponding previously stored data (90, 120, 148). 
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<50> 



Activate motors 18, 20 at high 
speed to position finger 1 0 from 
location at shutdown to 4/5 N 




<54> 



Activate motor 1 8 in CCW 
direction at low speed 



<58> 



<60> 



<64> 




Store Finger position 



Activate motor 1 8 in CW 
direction at high speed 




Activate motor 1 8 in CW 
direction at low speed 




FIG. 3a 



8 



EP 0 599 511 A1 



<68> 



Store Finger position 



<70> >-^- f Calculate and Rail Positions 



<72> 



Activate motor 18 in CCW 
direction at high speed 



<76> 




Activate motor 20 in CW 
direction at low speed 




<82> 



Store Finger position 



<84> 



Activate motor 20 in CCW 
direction at high speed 
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<100> 



FIG. 3c 



Store Finger position 



Activate motor 20 in CW 
direction at high speed 




Activate motor 1 8 in CCW 
direction at high speed 
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<104> 




Activate motor 20 in CW 
direction at low speed 
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Store Finger position 



<112> 



<116> 



Activate motor 20 in CCW 
direction at high speed 




Activate motor 20 in CCW 
direction at low speed 
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<122> 



Store Finger position 



<124> 



<128> 



<132> 



Activate motor 20 in CW 
direction at high speed 




Activate motor 18 in CCW 
direction at high speed 




Activate motor 20 in CW 
direction at low speed 




FIG. 3e 
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<138> 



Store Finger position 



0 



<140> 



Activate motor 20 in CCW 
direction at high speed 




<144> 



Activate motor 20 in CCW 
direction at low speed 
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<150> 



Store Finger position 



<152> 



Activate motor 20 in CW 
direction at high speed 




<156> 



Caicuiate and store 
neutral position 
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